Tuberculosis, the pathological result of infection by Mycobacterium tuberculosis (M.tb), 11
and an additional 300,000 deaths among HIV-positive individuals (Daniel, 2006 ; Global tuberculosis report 2018., 2018). A highly-specialized intracellular pathogen, M.tb en-49 gages phagocytic receptors on alveolar macrophages and dendritic cells to establish in-50 fection. It thensubverts host immune responses to evade lysosomal degradation and rep-51 licate within a modified phagosomal compartment (Cambier, Falkow, & Ramakrishnan, 52 2014) . 53
As M.tb must interact with host membranes and lipids at nearly all stages of its infec-54 tive lifecycle, it is critical to develop an understanding of the specific mechanisms of host-55 pathogen interactions at the lipid level. Research suggests that M.tb induces substantial 56 lipidomic reprogramming in its host. Notably, this pathogen has been shown to interfere 57 with Ca 2+ -induced phagosomal maturation by interfering with the activity of sphingosine 58 kinase, which produces the potent signaling molecule sphingosine-1-phosphate (Malik et 59 al., 2003; Thompson et al., 2005) . However, the specific functional roles played by host 60 lipid species at the site of phagocytic uptake of M.tb have remained relatively unstudied. 61
In particular, the structural and signaling functions played by sphingolipids at the cell 62 membrane and within the phagosome during M.tb infection are virtually unknown. 63
Sphingolipids are a complex family of natural lipids that contain a sphingoid base. 64 the exoplasmic leaflet, and has been shown to contribute to the formation of cholesterol-72 enriched lipid rafts -its synthesis is mediated by sphingomyelin synthase-1 in the Golgi 73 network and sphingomyelin synthase-2 in lysosomes, and it is degraded at the cell mem-74 brane by sphingomyelinase (García-Arribas, Alonso, & Goñi, 2016; Hla & Dannenberg, 75 2012; van Meer & de Kroon, 2011). Additionally, sphingosine 1-phosphate (S1P), pro-76 duced by sphingosine kinase, acts through various S1P receptors to activate a wide range 77 of signaling processes; these S1PRs have been shown to activate several factors related 78 to phagocytosis, including Rac, phospholipase C, and PI3K (Snider et al., 2010) . As such, 79 this investigation endeavors to elucidate the roles played by this dynamic lipid class in the 80 phagocytic uptake of M.tb. 81
To determine the functions of sphingolipids in phagocytosis, we chemically and ge-82 netically manipulated various stages of the sphingolipid metabolic pathway in multiple 83 lines of immunologically-relevant phagocytes of murine and human origin (macrophages, 84 dendritic cells, and monocyte-derived macrophages), performed uptake assays with the 85 intracellular pathogen M.tb, and visualized the progression of phagocytosis using fluores-86 cence microscopy. We first demonstrate that the efficiency of phagocytic uptake of M.tb 87 is significantly impaired when bulk sphingolipid synthesis is inhibited in murine and human 88 host cells. In characterizing this observation, we show that the initial stages of phagocy-89 tosis (particle binding and recognition) are largely unaffected by defects in sphingolipid 90 synthesis, but that sphingolipid-deficient cells are defective in the propagation of phago-91 cytic signaling beginning at intermediate stages of phagocytosis (engulfment, and inter-92 nalization). We observe that cell devoid of sphingolipids fail to convert phosphatidylinosi-93 tol 4,5-bisphosphate to phosphatidylinositol 3,4,5-trisphosphate -producing an overall Fumonisin B1 (FB1) blocks ceramide synthase activity to produce a defect in the synthe-117 sis of all high order sphingolipids. We confirmed the potency of these inhibitors in three 118 phagocytosis-competent cell lines through radioactive labeling with 3-L-( 14 C)-serine. Total 119 lipids were extracted and analyzed using thin layer chromatography (TLC) and autoradi-120 ography. For THP-1 and U937 human monocyte-derived macrophages, RAW 264.7 mu-121 rine macrophages, and DC2.4 murine dendritic cells, three-day treatment with Myr and 122 FB1 (at 15uM and 5uM, respectively) resulted in significantly reduced levels of ( 14 C)-123 sphingomyelin -demonstrating the capacity of these drugs to block sphingolipid synthe-124 sis ( Fig. 1A and B, and data not shown). 125
To orthogonally investigate the effects of chemical inhibition of sphingolipid syn-126 thesis, we prepared genetic knockouts of Sptlc2 (one of the two primary SPT complex 127 members) in RAW 264.7 and DC2.4 cells using CRISPR/Cas9 genomic editing. We ver-128 ified knockdown using Western blotting (Fig1C), and then assessed the capacity of these 129 cells to synthesize sphingolipids using TLC and autoradiography ( To investigate the role of sphingolipids during phagocytic uptake of M.tb, we used 143
Myr and FB1 to block sphingolipid synthesis in THP-1, RAW 264.7, and DC2.4 cells, in-144 fected with an mCherry-expressing strain of M.tb, and quantified treated versus untreated 145 cells. Briefly, cells were infected at a multiplicity of infection (MOI) of 10 for two hours, 146 after which cells were fixed and stained with 1) Alexa Fluor 488-conjugated phalloidin to 147 visualize F-actin at cell boundary and 2) DAPI to visualize nuclei for cell count. Fluores-148 cence microscopy was used to quantify uptake efficiency. Efficiency was calculated 149 through automated counting of cell number (by nuclei) and internalized bacteria (red flu-150 orescent particles within green cell boundary).We report uptake efficiency as the ratio of 151 total number of internalized M.tb particles against the number of identified nuclei, and 152 normalized the uptake rate of treated cells to that of untreated cells. Both THP-1 and 153 U937 monocyte-derived macrophages treated with Myr or FB1 showed a significant im-154 pairment in phagocytosis compared to untreated cells, with a reduction in uptake of [60 155 and 40% respectively] ( Fig. 2A-D) . RAW 264.7 macrophages and DC 2.4 dendritic cells 156 both displayed similar reductions in phagocytic uptake following Myr and FB1 treatment 157 with decreases of 80% ( Fig. 2E-H) . 158
We next assessed the capacity of Sptlc2-/-RAW 264.7 and DC 2.4 cells to inter-159 nalize M.tb using a similar paradigm: two-hour infection with mCherry-expressing M.tb, 160
followed by fixation and staining with Alexa Fluor 488-conjugated phalloidin and DAPI.
Fluorescence microscopy was performed and analyzed as above. In agreement with our 162 previous results, we find that in both RAW 264.7 and DC 2.4 cells, Sptlc2 knockout results 163 in a significant decrease in M.tb uptake compared to wildtype ( Phagocytosis is strictly regulated through a signaling network that involves the dy-171 namic activation and recruitment of both enzymes (such as GTPases, kinases, and phos-172 phatases) and lipids -particularly several phosphatidylinositol species. As a target parti-173 cle is engaged at the cell membrane, the aggregation of ligand-bound phagocytic receptor 174 initiates a sequence of phosphorylation that activates the Rho GTPases RAC1 and 175
Cdc45, which subsequently activate phosphatidylinositol 5-kinase. This kinase catalyzes 176 a localized increase in phosphatidylinositol 4,5-bisphosphate (PI(4,5)P2). High PI(4,5)P2 lev-177 els initiate actin assembly at the base of the nascent phagosome, driving the membrane 178 into a leading edge that works around the target particle. As this leading edge progresses 179 away from the base of the nascent phagosome, local PI(4,5)P2 levels at the base are re-180 duced via three mechanisms. First, it may be converted through phosphorylation by phos-181 phatidylinositol 3-kinase (PI3K) to form phosphatidylinositol 3,4,5-trisphosphate 182 (PI(3,4,5)P3),which initiates actin disassembly and recycling at the trailing edge. In parallel, 183 diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP3), which activate innate immune 185 response components such as NFkB. Finally, PI(4,5)P2 is also degraded to PI(4)P by phos-186 phatases OCRL and INPP5B. Evidence suggests that the trailing wave of PI(4,5)P2 degra-187 dation following phagosome assembly is critical for the complete phagocytic uptake of a 188 target particle (Levin et al., 2015) . To date, however, there have been no reports connect-189 ing phosphoinositide signaling and sphingolipids during phagocytosis. 190
To assess the roles played by sphingolipids during this signaling cascade, we chal-191 lenged wildtype and Sptlc2-knockout RAW 264.7 cells with Alexa594-conjugated zymo-192 san A particles. Zymosan A is an inert bead composed of fungal -glucan that is engaged 193 by phagocytic receptors to stimulate particle engulfment in macrophages and dendritic 194 cells (Underhill, 2003) . Using fluorescence microscopy and several transfected fusion 195 protein biosensors, we quantified the spatiotemporal enrichment of activated GTPases 196 Rac1 and Cdc42, PI(4,5)P2, PI(3,4,5)P3, and F-actin at the phagocytic cup (Schlam et al., 197 2015) . in at least four cells were quantified for each stage. We show that both wildtype and 206
Spltc2-deficient cells display an increase in Rac1/Cdc42 activity at the pseudopod after binding zymosan A particles (Fig. 3A ). As the wildtype cells fully engulf particles, there is 208 a concomitant increase in YFP signal intensity, followed by a sharp decline in YFP signal 209 at the phagosome as the bead is fully internalized and Rac1/Cdc42 activity is terminated. 210
In contrast, over the span of imaging, Sptlc2-deficient cells fail to fully engulf or internalize 211 particles, and correspondingly, there is a defect in the aggregation of YFP signal. By 212 quantifying the degree of enrichment at each stage, we observe a marked overall reduc-213 tion in the spatiotemporal activity of the Rac1 and Cdc42 GTPases in the Sptlc2 knockout 214 cells. (Fig. 3B ). 215
To characterize subsequent stages of the phagocytic signaling cascade, we visu-216 alized the dynamics of PI(4,5)P2 at the phagosome using the PH(PLCd)-GFP reporter con-217 struct (Schlam et al., 2015) -which binds to PI(4,5)P2 through the PH domain of phospho-218 lipase-C delta. As above, wildtype and Sptlc2-deficient RAW 264.7 macrophages were 219 transfected with the reporter construct, challenged with zymosan A, and visualized using 220 fluorescence live-cell imaging. As with the local increases of Rac1 and Cdc42 activity at 221 the pseudopod, both the wildtype and the Sptlc2 knockout cells display an enrichment of 222 PI(4,5)P2 upon particle recognition. However, PI(4,5)P2 enrichment peaks as wildtype cells 223 begin engulfing particles, whereas Sptlc2-deficient cells never reach a significant enrich-224 ment of reporter signal at the nascent phagosome and again fail to internalize the particles 225 ( Fig. 3C ). Quantification again shows a statistically significant gap in PI(4,5)P2 aggregation 226 at the phagosomal cup, further suggesting an impairment of phagocytic signaling follow-227 ing particle recognition ( Fig. 3D ).
Next, we visualized PI(3,4,5)P3 at the site of particle engagement of wildtype and 229
Sptlc2 knockout RAW 264.7 macrophages by transfection with the PH(AKT)-GFP fluo-230 rescent biosensor. This reporter construct is composed of the PH domain of the protein 231 kinase Akt and GFP (Marshall et al., 2001) . As this phosphatidylinositol species is re-232 quired for actin disassembly at the trailing edge of pseudopod progression, we also used 233 the F-actin biosensor LifeAct to visualize actin dynamics in the developing phagosome. 234
Unlike with Rac1/Cdc42 activity and PI(4,5)P2 localized concentration, Sptlc2 knockout 235 cells never attain the degree of PI(3,4,5)P3 enrichment that wildtype cells quickly reach upon 236 particle recognition ( Fig. 3E and F) . Accordingly, imaging with LifeAct demonstrates that 237 F-actin cycling is aberrant in Sptlc2 knockout cells ( Fig. 3G and H) . 238
Together, these data suggest that sphingolipids play a critical role in the proper 239 maturation of the phagosome, but are dispensable components of the early stages of 240 particle binding and recognition. 241 242
Perturbation of sphingomyelin levels at exoplasmic leaflet inhibits M.tb uptake 243
Because sphingomyelin is particularly enriched to the outer leaflet of the plasma 244 membrane, we hoped to investigate the role that this specific lipid species plays during 245 the phagocytic uptake of M.tb. First, to determine the local enrichment of sphingomyelin 246 at the phagocytic synapse, we briefly infected THP-1 macrophages with zymosan A par-247 ticles, and stained sphingomyelin at the exoplasmic leaflet using purified GFP-lysenin. 248
The protein lysenin is a pore-forming toxin derived from the earthworm Eisenia foetida 249 and binds specifically to sphingomyelin -and GFP-conjugated lysenin, purified from bac-terial expression, serves as a functional staining tool for visualizing localized concentra-251 tions of sphingomyelin (Kinoshita et al., 2017; Yamaji et al., 1998) . We find that after 10 252 minutes of exposure to zymosan, sphingomyelin is enriched at the phagocytic cup upon 253 receptor binding (data not shown). These data corroborate prior findings that sphingomy-254 elin is enriched to domains such as lipid rafts and caveolae, and suggest that this specific 255 sphingolipid species plays an important role in efficient phagocytosis (Kinoshita, Suzuki, 256 Murata, & Matsumori, 2018) . 257
To further characterize the role of sphingomyelin at the cell surface during M.tb 258 infection, we endeavored to manipulate the levels of sphingomyelin at the cell surface 259 and quantify uptake through fluorescence microscopy. Sphingomyelin is synthesized 260 along the secretory pathway by sphingomyelin synthase 1 (Sgms1), and within lysosomal 261 compartments by Sgms2. We isolated clonal knockouts of the Sgms1 gene in U937 262 monocytes using CRISPR/Cas-9 genomic editing. As above, we infected these and 263 wildtype cells for 2 hours and quantified uptake through fluorescence microscopy. We 264 found that Sgms1-deficient cells are impaired in their capacity to internalize M.tb to a 265 similar degree as cells depleted of all sphingolipids ( Fig. 4A and B) . Thus, we conclude 266 that sphingomyelin plays a significant role in the phagocytic uptake of M.tb, and that this 267 lipid species contributes significantly to our observed results on the effect of total sphin-268 golipid depletion reported above. Further efforts to characterize the effects of sphingomy-269 elin-specific depletion are ongoing. 270
In this study, we report that the capacity of M.tb to invade host cells by engagement 273 of phagocytic receptors is significantly dependent on the presence of host sphingolipids 274 at the cell membrane. This result corroborates our prior observations on the uptake of 275
Candida albicans (Tafesse et al., 2015) . In that publication, we demonstrated that sphin-276 golipid depletion inhibits the phagocytic clearance of this fungal pathogen, and that sphin-277 golipid-depleted mice are more susceptible to death by infection due to systemic candid-278
iasis. The observations we report here similarly agree with prior reports that sphingolipids 279 -particularly ceramide -are required for defense against infection by Pseudomonas ae-280 ruginosa. This process occurs through the formation of sphingolipid-enriched membrane 281 platforms on epithelial cells that enable the clustering of receptors that mediate innate 282 immune response to pathogens (Grassmé et al., 2003) . 283
Using a total of four human and murine phagocytic cell models (THP-1, U937, 284 RAW 264.7, and DC 2.4), we demonstrate that chemical and genetic tools may be used 285 to deplete total levels of bulk sphingolipids, and that these sphingolipid-deficient phago-286 cytes are incapable of taking up Mycobacterium tuberculosis. This phenotype is mirrored 287 in the genetic blockade of sphingomyelin synthesis at the cell surface via CRISPR/Cas9 288 deletion of Sphingomyelin synthase-1 in U937 human monocytes. These results demon-289 strate the importance of sphingolipids in the context of this cellular process. However, it 290 is notable that sphingolipid depletion does not totally ablate phagocytic uptake. 291
There are several possible explanations to this observation. First, the sphingolipid 292 salvage pathway of these cells remains intact -any sphingolipids in the growth medium 293 may be taken up to a degree that provides cells with sufficient quantities of sphingolipids to eventually phagocytose M.tb particles, despite a reduction in total efficiency. Alterna-295 tively, the limited rate of uptake we observe may be due to limitations in visualization and 296 quantification; bacteria which may appear to be internalized may in fact not actually be 297 fully within the host cell. In particular, we note that there is overlap between bacterial 298 fluorescent signal and plasma membrane in approximately 50% of U937 Sgms1-/-cells, 299
whereas this is the case for only 20% of bacteria in control cells (data not shown). The 300 incorporation of an antibiotic treatment during infection may clarify this possibility. In 301 agreement with this possibility, Hauck and colleagues have used treatment of ectopic 302 acid sphingomyelinase enzyme to deplete cells of sphingomyelin at the exoplasmic leaflet 303 to show that the internalization of N. gonorrhoeae was reduced, but that its binding to the 304 cell surface was not affected (Hauck et al., 2000) . 305
In addition to the initial observations of defective internalization of M.tb by sphin-306 golipid-deficient hosts, we present a possible mechanism through which sphingolipids 307 enable the propagation of phagocytic signaling by coordinating the dynamics of phospho-308 inositide turnover. Upon engagement of phagocytic receptor to cognate ligand, Rho 309
GTPases Rac1 and Cdc42 are activated and initiate the localized production of PI(4,5)P2. 310
This local increase in the concentration of PI(4,5)P2 initiates F-actin polymerization at the 311 base of the forming phagocytic cup, which drives pseudopodia around the particle. Con-312 comitantly, the proper progression of the pseudopod (and the subsequent full engulfment 313 of the particle) necessitates F-actin disassembly and recycling; this process is driven by 314 the conversion of PI(4,5)P2 to PI(3,4,5)P3 via PI3K (Schlam et al., 2015) . Because we observe 315 defects in the propagation of this signaling pathway upon depletion of sphingolipids, we the necessary interactions between kinases and phosphoinositide substrates. One can-318 didate of interest for further investigation is PI3K, which may require interaction or mem-319 brane tethering with one or more sphingolipids at the site of phagocytic receptor engage-320 ment.. 321
This study represents, to our knowledge, the first evidence for sphingolipids as 322 regulators of phosphoinositide turnover during phagocytosis. However, prior work has 323
shown that sphingolipids play roles in phosphoinositide signaling in other contexts. For Collectively, this study demonstrates that sphingolipids are indispensable for the 331 phagocytosis of Mycobacterium tuberculosis. In the context of infection with this patho-332 gen, phagocytosis represents a double-edged sword. As phagocytosis represents the in-333 vasive mechanism of entry for this pathogen, it may be of interest to investigate mecha-334 nisms of inhibiting the interactions between host phagocytes and M.tb. However, phago-335 cytosis also represents a significant mechanism through which professional antigen pre-336 senting cells activate and hone the adaptive immune response -without the capacity to 337 efficiently sense and probe the internal environment, host organisms may be at greater THP-1 and U937 cells were differentiated to macrophages by 50ng/ml PMA for 1 day in 371 RPMI medium supplemented with 10% FBS, after which the cells were treated with 5µM 372 myriocin or fumonisin B1 for 3 days in RPMI supplemented with 10% FBS and 1%PS. 373
Radio-active labeling and TLC 374
500x10 3 THP-1, U937, and RAW cells were seeded into a well of a 6-well plate, differen-375 tiated and treated as described above (Cell culture and drug treatment). After 3 days of 376 drug treatment the cells were labeled with 2µCi/ml ??? of 3-L-[ 14 C]-serine for 4 hours in 377
Opti-MEM supplemented with the appropriate drug concentration of myriocin and FB1 378 and incubated at 37°C. Cells were washed two times with PBS and lipid extraction was 379 done following Bligh and Dyer method (Bligh and Dyer 1959). The methanol/chloroform-380 lipid extracts were dried by nitrogen gas. Dried lipids were re-dissolved in a few drops of 381 chloroform/methanol (1:2, vol/vol) and loaded on a TLC plate. Lipids were separated by 382 developing the TLC plate first in acetone and then in a mixture of chloroform, methanol and 25% ammonia solution (50:25:6, vol/vol/vol). Radiolabeled lipids were detected on a 384
Phosphor-Imager (Company?). 385
Generation of Lentivirus. (Fikadu) 386
Doxycycline inducible Cas9 expressing plasmid, pCW-Cas9, was kindly provided by Da-387 Raw264.7 cells were infected with lentivirus (pCW-Cas9) encoding Cas9 cDNA, and were 396 cultured in media containing 7 μg/mL of puromycin (Sigma Aldrich). 397
Generation of CRISPR/Cas9-mediated Sptlc2-/-Raw264.7 cell line. (Fikadu) 398
Potential target sequences for CRISPR interference were found with the rules outlined in 399 (Mali 2013). The following seed sequences (CRISPR target sequences) preceding the 400 PAM motif that were found in the exon of Sptlc2 gene were used: Sptlc2 #1 GAAC-401 GGCTGCGTCAAGAAC; Sptlc2 #2: AGCAGCACCGCCACCGTCG Potential off-target 402 effects of the seed sequence were confirmed using the NCBI Mus musculus Nucleotide 403 into the restriction enzymatic site NheI/BamHI of pCDH-CMV(-) (SBI; CD515B-1) as fol-406 lows:
cacagtcagacagtgactcaGTGTCACAgctagcTTTCCCATGATTCCTTCATATTT-407
GCATA-408
TACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGA 409
TATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAG-410
TTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTT 411
CGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACAC-412
CGnnnnnnnnnnnnnnnnnn- 
Culturing of Mycobacterium tuberculosis 429
Culturing and infection of Mycobacterium tuberculosis (M.tb) was conducted in a Bi-430 osafety-level 3 laboratory following general safety guidelines. M.tb strain H37R, express-431 ing constitutively mCherry, was cultured at 37°C in 7H9 Broth medium supplemented with 432 50µg/ml hygromycin B. 433
Infection of macrophages with M.tb 434
For infection of THP-1 and U937 cells, the cells were seeded into a SensoPlate™ 96-435
Well Glass-Bottom Plates (Greiner Bio-One) at a density of 15x10 3 cells per well in RPMI 436 supplemented with 10% FBS, 1% PS and 50ng/ml PMA at 37°C. 1 day after differentiation 
Live imaging of phagocytosis 475
For transient transfection, Raw264.7 cells were seeded into a SensoPlate™ 96-Well 476
Glass-Bottom Plates at a cell number of 10x10 3 cells/well 24 hours prior transfection. 477
Transfection was conducted with Lipofectamine 3000 (Thermo Fisher) according to 478 manufacturer's instructions. Briefly, 100ng of plasmid DNA and 0.2µl of P3000 reagent 479 were mixed in 5µl Opti-MEM and 0.33µl Lipofectamine 3000 was mixed in 5µl Opti-480 MEM. Both reagent dilutions were mixed together and allowed to sit for 15 min. The mix 481 was then added directly to the appropriate well and mixed by swirling the plate gently. 482
For the imaging, the growth medium was aspirated and replaced with RPMI without 483 phenol red containing Zymosan A Bioparticles A595 (Thermo Fisher) at an MOI of 20. 484
The 96-well plate were centrifuged at 1000rpm for 1 mins. The cells were imaged with 485 the SDC microscope (Nikon) and 3-4 different spots per well were imaged at the same 486 time for 60 min with capture intervals of 15 sec. The parameters for imaging were kept 487 the same for each sample. 488
Live imaging analysis 489
Out of all cells imaged, those which showed to recognize a zymosan particle and main-490 tained a heathy phenotype throughout the whole imaging process were selected for fur-491 ther analysis. Imaging analysis was performed using FIJI software (Schindelin et al.,). 492
The parameters for image processing were kept constant when comparing different 493 data sets. The area of the phagosome was selected, cropped and opened in a new win-494 dow. For the original image, the threshold was set automatically on the GFP-channel 495 and for the threshold of the GFP-phagosome area, the threshold of the whole cell was x 1.5 = GFP-threshold phagosome area). The threshold area at different time points 498 was measured by the analyze-measure function of FIJI and the results were exported 499 into Excel (Microsoft). The values for the GFP-threshold of the phagosome area were 500 divided by the values for the GFP-threshold of the whole cell at the corresponding time 501
points. 502
Immunoblotting 503
Differentiated THP-1 cells treated with myriocin or left untreated were infected with M.tb 504 at a MOI of 20 for 10 and 20 mins or left uninfected. And, differentiated U937 WT and 505 SGSM1 -/-cells were infected with M.tb at a MOI of 20 for 5 and 10 mins or left uninfected. 506
Afterwards, the washed cells were lysed and post-nuclear fractions were subjected to 507 12% SDS-PAGE and separated by electrophoresis, before being transferred to methanol-508 activated Polyvinylidene difluoride membranes. Membranes were blocked in Tris-buff-509 ered saline (TBS) supplemented with 0.1% Tween 20 (TBS-T) and 5% bovine serum 510 albumin (BSA) for 30 min. Primary antibodies against p-PI3K and GAPDH were used in 511 3% BSA TBS-T at 1:1000 dilutions and incubated over night or 60 min, respectively. HRP-512 conjugated antibodies were used at a 1:5000 dilution with an incubation time of 60 min. 513
Membranes exposed to ECL western blotting substrate (GE Life Science) were visualized 514 using the ImageQuant LAS 4000. Brightness/Contrast were adjusted globally across the 515 entire image using the FIJI software. Immunoblots were cropped for presentation; see 516 
